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(54) POLYLACTIC ACID-BASED POLYMER COMPOSITION AND MOLDED PRODUCT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain both a biodegradable polylactic acid-based polymer 
composition completely degradable in a natural environment and having excellent impact 
resistance and transparency and further an excellent elastic modulus in combination and a 
molded product thereof. 

SOLUTION: This composition is obtained by compounding (A) a homopoiylacric acid polymer 
with (B) a copolymer of polylactic acid and other aliphatic polyesters at (30/70) to (80/20) ratio 
expressed in terms of weight ratio of the components (A)/(B). The copolymer (B) has the glass 
transition temperature thereof within the range of -20 to +40° C. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1](A) A gay polylactic acid polymer and a copolymer of (B) polylactic acid and other 
aliphatic polyester by a weight ratio of (A)/(B). A polylactic acid system polymer composition 
which is a constituent blended at a rate of 30 / 70 - 80/20, and is characterized by this 
copolymer (B) being in a range in which the glass transition temperature is -20-40 **. 
[Claim 2]The polylactic acid system polymer composition according to claim 1, wherein a 
copolymer (B) given in the preceding clause is obtained by polymerizing bottom lactide of 
existence of aliphatic polyester. 

[Claim 3]Mold goods which are the mold goods chosen from a group which consists of a film, a 
sheet, a plate, a pipe, variant extrusion, fiber, an injection-molded product, and a blow molded 
article, and are characterized by being fabricated using the polylactic acid system polymer 
composition according to claim 1 or 2. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention is suitable for the mold goods of fiber, a film, and others, 
and relates to the biodegradable polylactic acid system polymer composition in which 
transparency, shock resistance, etc. were improved, and its mold goods. 
[0002] 

[Description of the Prior Art]In recent years, from the standpoint of natural environment 
protection, the biodegradable polymer disassembled in natural environment and its mold goods 
are called for, and research of natural decomposition nature resin, such as aliphatic polyester, is 
done actively. Especially a lactic acid system polymer has enough the melting point as high as 
170-180 **, is excellent in transparency, and since an elastic modulus is also high, it is expected 
very much as wrapping etc. However, shock resistance is inferior in polylactic acid for the 
upright molecular structure, it has the fault that it is weak, and improvement of this fault in a 
lactic acid system polymer is desired. 

[0003]Although it is indicated in JP,H7-1 73266,A that the polymer which was excellent in 
transparency and pliability by carrying out copolymerization of polylactic acid, other aliphatic 
polyester, etc. is obtained, By this method, control of block copolymerization and an ester 
exchange reaction is difficult, the polylactic acid segment size and polyester segment size in the 
copolymer obtained cannot be guaranteed, and the physical properties of the polymer obtained 
as a result are not stabilized. Although improved by the increase in the rate of a 
copolymerization ratio about shock resistance, it is difficult to obtain the copolymer which was 
excellent in transparency because of the crystalline height which aliphatic polyester itself has. 
[0004]To JP,H8-157577,A, it is indicated that the polymer which was more excellent in 
transparency and pliability is obtained by carrying out copolymerization to aliphatic polyester 
with branched chain. However, in order to raise shock resistance with these copolymers, not less 
than several 10% of copolymerization is required, and the decline in the remarkable elastic 
modulus by it is not avoided. 

[0005]That is, the actual condition is that the biodegradable polylactic acid system polymer 
composition which was excellent in transparency and shock resistance, and was excellent in the 
elastic modulus in practice is not known. 
[0006] 

[Problem to be solved by the invention]The purpose of this invention is to provide the 
biodegradable polylactic acid system polymer composition which had the shock resistance and 
transparency with it which could decompose thoroughly and was excellent in the bottom of 
natural environment, and has the outstanding elastic modulus, and its mold goods. 
[0007] 

[Means for solving problem]In order to solve such SUBJECT, this invention persons found out 
wholeheartedly being attained with the biodegradable lactic acid system copolymer composition 
thing shown below and its mold goods as a result of examination. 
[0008] 

[Elements of the Invention]Namely, a main object of this invention is a weight ratio of (A)/(B) 
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about (A) gay polylactic acid polymer and a copolymer of (B) polylactic acid and other aliphatic 
polyester, It is the constituent blended at a rate of 30 / 70 - 80/20, and this copolymer (B) is a 
polylactic acid system polymer composition in a range in which the glass transition temperature 
is -20-40 **. 

[0009]A main object from which this invention differs is the polylactic acid system polymer 
composition in which a copolymer (B) was obtained by polymerizing bottom lactide of existence 
of aliphatic polyester. 

[0010]Further main objects of this invention are the mold goods chosen from a group which 
consists of a film, a sheet, a plate, a pipe, variant extrusion, fiber, an injection-molded product, 
and a blow molded article, and are the mold goods fabricated using a polylactic acid system 
polymer composition. 
[0011] 

[Embodiment of the Invention]The gay polylactic acid polymer (A) which constitutes this 
invention constituent is polymer which comprises only a monomeric unit of L-lactic acid and/or 
D-lactic acid origin substantially. Here, a "real target" means being a range which does not spoil 
the effect of this invention and not originating in L-lactic acid or D-lactic acid, and that other 
monomeric units may be included. As an expedient measure, the glass transition temperature of 
a gay polylactic acid polymer (A) is employable. 

[0012]That is, in this invention, it is important that a gay polylactic acid polymer has the glass 
transition temperature of not less than 50 **. When glass transition temperature is lower than 50 
**, the elastic modulus of the constituent produced by blending with the after-mentioned 
copolymer (B) by the influence of the molecular weight of this polymer, a copolymerization 
monomer, a residual monomer, an additive agent, excessive water absorption, etc. falls, and it is 
not desirable. 

[0013]In this invention, "glass transition temperature" is defined using dynamic viscoelasticity 
measurement. That is, the value of the primary dispersion peak of a loss modulus (E") was read 
among the spectrum of the dynamic viscoelasticity measured on condition of the following using 
the Iwamoto Factory dynamic viscoelasticity measuring device VES-F-III type machine, and it 
was considered as glass transition temperature. 

Measuring condition Sample path length : 400 micrometers Sample width : 4.5mm Distance 
between zippers : 40mm Test frequency : 10Hz distortion amount: 10 micrometers Heating rate : 
1 ** / min[0014]As a gay polylactic acid polymer, there are no other restrictions and a 
manufacturing method can also adopt known arbitrary polymerization methods. Being known 
most typically may carry out the condensation polymerization of the lactic acid directly, although 
it is the method (the lactide method) of carrying out ring opening polymerization of the lactide 
which is an anhydrous cyclic dimer of lactic acid. As a molecular weight, it is weight average 
molecular weight and the range of 50,000-1,000,000 is preferred. If less than this range, when it 
will not be revealed enough and a mechanical physical property etc. will exceed, it is inferior to 
processability. 

[0015]When a gay polylactic acid polymer consists only of a monomeric unit originating in L- 
lactic acid and/or D-lactic acid, a polymer has a high-melting point by crystallinity. And since 
crystallinity and the melting point can be adjusted free by changing the ratio (it is called a L/D 
ratio for short) of the monomeric unit of L-lactic acid and D-lactic acid origin, according to a 
use, it makes it possible to control the practical use characteristic. However, the glass transition 
temperature of a gay polylactic acid polymer is not concerned with a L/D ratio, but if its 
molecular weight is large enough, will almost be eternal, and will be based also on a measuring 
method, but it is generally 60 ** 55-65 ** in general. 

[0016]Another polymer (B) which constitutes the constituent of this invention is a copolymer of 
polylactic acid and other aliphatic polyester. This copolymer (B) is a polymer which contains in a 
chain the polylactic acid which carried out the ester bond, and other aliphatic polyester, and, 
typically, constitutes what is called a block copolymer. 

[001 7]A deer is carried out and the condensation product of aliphatic polyester of aliphatic 
dicarboxylic acid and aliphatic series diol is desirable in consideration of the ease of a 
polymerization design, the cost on industry, etc. Although a little alicycle fellows and aromatic 
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monomers may be contained in this condensation product, if perfect biodegradability and a 
biodegradation rate are thought as important, less than 30mol% of content is desirable. What the 
condensation product in which copolymerization of alpha-hydroxycarboxylic acid or its cyclic 
anhydride was carried out at an arbitrary rate may be sufficient as, or was replaced with this 
condensation product with this condensation product using the homopolymer of alpha- 
hydroxycarboxylic acid or its cyclic anhydride is available. Anyway, as for aliphatic polyester, it is 
desirable for glass transition temperature to be 0 ** or less. When higher than 0 **, the shock- 
proof improvement effect is difficult to get. 

[0018]As aliphatic dicarboxylic acid, a thing with a with a carbon number of about four to 20 alkyl 
group is preferred, for example, succinic acid, adipic acid, azelaic acid, sebacic acid, decane 
dicarboxylic acid, etc. are mentioned. Aliphatic series diol has a preferred thing with a with a 
carbon number of about two to 12 alkyl group, for example, ethylene glycol, a polo pyrene glycol, 
butanediol, hexandiol, octanediol, Deccan diol, etc. are mentioned. Aliphatic series diol includes 
diol with diol and carbonate combination with an ether bond. Diol with an ether bond has a 
preferred thing with a with a carbon number of about two to eight alkyl group, for example, a 
diethylene glycol, triethylene glycol, dipropylene glycol, hydroxyethyl / hydroxypropyl ether, 
screw hydroxyethoxyhexane, etc. are mentioned. Diol with carbonate combination has a 
preferred thing with a with a carbon number of about four to eight alkyl group, for example, 
screw hydroxy butylene carbonate, screw hydroxyhexane carbonate, etc. are mentioned. 
[0019]As suitable aliphatic polyester, especially, for example A polyethylene RENSUBE rate, 
Polyethylene sebacate, polyethylene decane dicarboxylate, polybutylene succinate, a 
polubutylene adipate, polybutylene sebacate, a polybutylene succinate horse mackerel peat, etc. 
are mentioned. The polyester polyurethane which includes one or more urethane bonds in these 
polymer chains can also be used. Branching structure is acquired by addition of multifunctional 
compounds, such as polyvalent carboxylic acid, polyhydric alcohol, and polyvalent isocyanate, 
although branching structure can also be introduced into aliphatic polyester. 
[0020]On the other hand, the polylactic acid which carries out an ester bond to the above- 
mentioned aliphatic polyester usually comprises only a monomeric unit of L-lactic acid and/or 
D-lactic acid origin. Other monomeric units which do not originate in L-lactic acid or D-lactic 
acid may be included in the range which does not spoil the effect of this invention. 
[0021]In this invention, the copolymer (B) of polylactic acid and aliphatic polyester can be 
prepared by arbitrary methods. For example, either one of polylactic acid or aliphatic polyester is 
separately prepared as a polymer, and the constituent monomer of the other is polymerized 
under existence of this polymer. 

[0022]Usually, the copolymer (B) of polylactic acid and aliphatic polyester is obtained by 
polymerizing lactide under existence of the aliphatic polyester prepared beforehand. The point of 
making aliphatic polyester living together is only different fundamentally, and it can polymerize 
like the case where a gay polylactic acid polymer (A) is obtained by the lactide method. A 
moderate ester exchange reaction occurs between polylactic acid and aliphatic polyester, and a 
copolymer (B) with comparatively high random nature is obtained at the same time the 
polymerization of lactide advances at this time. When the aliphatic polyester urethane which has 
a urethane bond is used as starting material, ester amide exchange is also generated. 
[0023]In this invention, it is required for the glass transition temperature of a copolymer (B) to 
be -20-40 **. The transparency of the constituent which it makes into the purpose in being less 
than this range is not good, and shock resistance is not good when exceeding conversely. The 
glass transition temperature of a copolymer (B) is suitably controlled by the chemical 
composition of aliphatic polyester which is starting material, a copolymerization ratio with 
polylactic acid, copolymerization reaction conditions, etc. When in the case of the above- 
mentioned typical aliphatic polyester glass transition temperature is in the range of -30 — 10 ** 
in general and these are used, a copolymerization ratio is dependent on other conditions, but 
polybutylene succinate etc. It is adjusted in polylactic acid/aliphatic polyester =50 / 50 - 90/10. 
[0024]At the polylactic acid system polymer composition of this invention, although the rate of a 
compounding ratio of a polymer (A) and a copolymer (B) changes also with copolymerization 
composition, it needs to use the range of 30 / 70 - 80/20 by the weight ratio of (A)/(B). When 
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this weight ratio is less than 30/70, a tension elastic modulus and transparency are scarce, and 
shock resistance is not enough when exceeding 80/20 on the other hand. 
[0025]A conventional means can perform preparation of this invention constituent. That is, 
although neither a mixing method nor mixed equipment in particular is limited, what can be 
processed continuously is industrially advantageous and preferred, mixing the pellet of for 
example, both polymers (A) and (B) with a predetermined ratio — carrying out melting with a 
screw extruder, a biaxial extruding kneading machine, etc. of one axis, and injection molding 
promptly **** — film production — or spinning may be carried out. Similarly, melting of both the 
polymers is carried out with a respectively different extrusion machine etc., and with a 
predetermined ratio, it may mix with a stillness mixer or/and mechanical agitation equipment, 
may fabricate promptly, and may once pelletize with it. Mixing and the stillness mixer by 
mechanical agitation, such as an extrusion machine, may be combined. It may mix by solution 
states using a solvent. 

[0026]In a melting mixed method, it is required to prevent substantially degradation of polymer, 
deterioration, and the further copolymer— ization by an ester exchange reaction, and it is 
preferred to mix in a short time at low temperature as much as possible. For example, it is 
preferred to mix temperature below 190 ** and to mix most preferably 230 ** or less of time 
[ 210 ** or less of] within 10 minutes less than 20 minutes less than 30 minutes especially 
preferably especially. In order to prevent the deterioration and the ester interchange by melting, 
it is desirable to remove or reduce a hydroxyl group, a carboxyl group, and the residual monomer 
and polymerization catalyst of a molecular terminal. If it happens so that an ester exchange 
reaction cannot be disregarded (substantially), an another block or random copolymer will 
generate by cutting, recombination, etc. of a polymer (A) and a copolymer (B) molecule, and the 
crystallinity and heat resistance of a constituent will fall. 

[0027]A secondary additive can be added to the constituent of this invention, and various 
refining can be performed to it. As an example of a secondary additive agent, the like of others, 
such as stabilizer, an antioxidant, an ultraviolet ray absorbent, paints, colorant, various fillers, 
******, mold lubricant, a plasticizer, perfume, an antimicrobial agent, and a nucleation agent, is 
mentioned. 
[0028] 

[Working example]An embodiment and a comparative example are given to below, and this 
invention is explained concretely. Measurement of various physical properties was performed on 
conditions as shown below about the sheet obtained by the embodiment and the comparative 
example. 

(1) It carried out by a method given in the glass-transition-temperature text. When two or more 
peaks of E" of a copolymer (B) existed clearly, a close [ to gay polylactic acid ], i.e., elevated 
temperature, side was made into glass transition temperature. 

[0029](2) It measured using a hydro-shot impact tester by shock-proof Shimadzu. A sample 
started from a sheet to 100 mm x 100 mm is fixed by a clamp, a shock is given in the center of a 
film with falling weight, and the energy (unit KgfHnm) is read. Falling speed of 23 ** and falling 
weight of measurement temperature is 3 m/second. 

(3) According to JIS K-7105, Hays (unit %) was measured using a sample started from a 
transparency sheet. 

[0030](4) Based on tension elastic-modulus JIS K-6732, it is long in parallel with an extruding 
direction of a sheet, A sample started 5mm width x50mm in the shape of a strip of paper in 
atmosphere whose humidity was controlled at 23 ** After standing during two days, It pulled 
using Tensilon II Type machine Made from an Oriental energy machine from inclination in early 
stages of a stress-strain curve obtained by doing a tensile test by 25 mm and tension speed 5 

mm/min between zippers, and an elastic modulus (unit Kgf/mm 2 ) was computed. 
[0031](Reference example 1) The synthetic succinic acid 236g of aliphatic polyester (PE1), 216 g 
of 1 ,4-butanediol at 210 ** Mixing under a nitrogen gas atmosphere, After esterifying and 
considering it as acid value 7.9, 1 .2g of tetrabutyl titanate is added as a catalyst to a mixture, a 
reaction was advanced, eventually, it decompressed to 0.05torr, a deglycol reaction was 
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performed for about 10 hours, and aliphatic polyester (PE1) of the weight average molecular 
weight 82,000 was compounded. Glass transition temperature was -26 **. 
[0032]The adipic acid, the succinic acid, 1,4-butanediol, and the aliphatic polyester urethane 
(PE2) that consists of hexamethylene dHsocyanate which are commercial items (Showa High 
Polymer [ Co., Ltd. ] make: Bionolle 3010) were used as other aliphatic polyester (PE2). Glass 
transition temperature was -30 **. 

[0033](Reference example 2) 300 g of synthetic 1,4-butanediol of crystalline aliphatic series 
branching polyester polyurethane (PE3), 300 g of succinic anhydrides, 7 g (it is about 1.5-mol % 
to a succinic anhydride) of trimethylolpropane, After considering it as acid value 7.1, by teaching 
0.6 g of tetraisopropyl titanate, and mixing and esterifying under a nitrogen gas atmosphere at 
205-210 ** eventually, It decompressed to O.Storr, the reaction was advanced at 215-220 **, 
the deglycol reaction was performed for about 5 hours, and polyester of the weight average 
molecular weight 70,000 was compounded. After that, 4g of hexamethylene dHsocyanate was 
added, urethane bridge construction was succeedingly, performed at the temperature of 205 **, 
and polyester polyurethane (PE3) with the branching structure of the weight average molecular 
weight 176,000 and polydispersed degree (Mw/Mn) 4.89 was obtained. Glass transition 
temperature was -28 **. 

[0034](Reference example 3) Composition of various aliphatic polyester copolymers (CP1-CP6) 
L-lactide 72 weight section is added to aliphatic polyester (PE1) 28 weight section obtained by 
the reference example 1, After polymerizing for 15 minutes at 190 **, having carried out bottom 
melting mixing of an inert gas atmosphere, having added 0.10 weight sections of tin octylate as a 
ring opening polymerization catalyst, and stirring with a biaxial kneading machine, the aliphatic 
polyester copolymer chip C1 was obtained by extruding by a nozzle 2 mm in diameter, water- 
cooling, and cutting. 12 time processings of the chip C1 were carried out in nitrogen of 120 ** 

and pressure 1.5 kg/cm 2 , an unreacted monomer (lactide) was removed, and chip CP1 was 
obtained. Weight average molecular weight of chip CP1 is 155,000. A residual monomer (lactide) 
was 0.1%. Aliphatic polyester ingredients other than polylactic acid of a polylactic acid ingredient 
were 30 weight % 70weight % from NMR analysis. Only one glass transition temperature was 
observed and was 30 **. 

[0035]In an above-mentioned method, a charge of lactide or a kind of aliphatic polyester was 

changed, and the aliphatic polyester copolymer chips CP2-CP6 as shown in Table 1 were 

obtained. Among front, with a polylactic acid component amount, quantity of a polylactic acid 

ingredient in a copolymer (B) is measured, and the weight % display of the result is done by NMR 

analysis. When compounding the chips CP5-CP6, di-n-butyl tin dilaurate 0.14 weight section was 

added with a ring opening polymerization catalyst as an ester interchange to carbamate, and/or 

an ester amide curing catalyst. 

[0036] 
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[0037]Embodiments 1-6 and the comparative examples 1-7 — in an embodiment and a 
comparative example of these, weight average molecular weight used poly L-lactic acid by 
Shimadzu Corp. of 210,000 "Lacty 1000" as a gay polylactic acid polymer (A). Glass transition 
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temperature was 60 **. These polymer (A) and said various kinds of copolymers (B) were mixed 
at number of rotations of 80 rpm, and temperature of 210 ** with a rate as shown in the next 
Table 2 or 3 using the direction biaxial extrusion machine (the Mitsubishi Heavy Industries, LTD. 
make, 40mmphi), and a polylactic acid system polymer composition was obtained. 
[0038]Using a monopodium T-die extrusion machine (the Mitsubishi Heavy Industries, LTD. make, 
30mmphi) provided with a full close bladed screw, this constituent was extruded at extrusion 
temperature of 200 **, and 400 micrometers in thickness, was quenched with a water-cooled 
cast roll, and a sheet was obtained. About an obtained sheet, measurement of various physical 
properties, evaluation, and a comprehensive judgment were performed, and the result was also 
shown in the table. 0-0-**-x is relative evaluation among front. 
Having good physical properties in this order is shown. 

Although based also on a use, it means that O is in general practical physical properties. 

[0039] 

[Table 2] 
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[0040] 
[Table 3] 
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[0041 ]In the above-mentioned embodiment so that clearly the polylactic acid system polymer 
composition of this invention, When using CPs 1, 3, 5, and 6 which are the copolymers (B) which 
have a suitable glass transition temperature and considering it as the polymer presentation of 
suitable (A)/(B) weight ratio, it turns out that shock resistance, transparency, and a tension 
elastic modulus are excellent, and the thing of comprehensive judgment that they are in general 
practical physical properties is obtained. 

[0042]On the other hand, when using CPs 2 and 4 which are the copolymers (B) which have an 
unsuitable glass transition temperature or considering it as unsuitable (A)/(B) weight ratio so 
that a comparative example may see, either shock resistance, transparency and a tension elastic 
modulus are remarkably inferior, and it poses a problem practically. In order to fully improve the 
shock resistance of polylactic acid only with a copolymer (B) simple substance so that the 
comparative examples 4 and 6 may see, although copolymerization of not less than 30% of 
aliphatic polyester is preferably required, at least 20%, Since nebula of a copolymer and the 
remarkable decline in an elastic modulus take place with the rise of a copolymerization ratio, it 
becomes a problem practically. 
[0043] 

[Effect of the Invention]It became possible to provide the biodegradable polylactic acid system 
polymer composition which had the shock resistance and transparency with it which could 
decompose thoroughly and was excellent in the bottom of natural environment by this invention, 
and has the outstanding elastic modulus, and its mold goods. 
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